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SimiAEY 


Strength tests -were made of a xnnaber of 24S-T and Alclad 75S-T 
aluminum- alloy sliear wets to determine the effect of rivet or bolt 
holes on the shear strsiigth. Data were obtained for webs vhich 
approached a condition of pm-e shear stress as well as for webs 
Trith well -developed diagonal tension. The rivet factor^ (pitch 
minus diameter) divided by pitch, \,-as varied frcm approximately 
0.8l to 0.62. ■ These teste irjdlcated that the shear stresses 
on the gross section were nearly oonetant for all valv.es of the 
rivet factor investigated if the other properties of the web were 
not changed. 


nJTHODUCTION 


The strength of a shear uTeb is scmetimes computed the ^ 
assumption that fallin’o will tale place when the shear stress 
on the net section between rivet or bolt holes reaches the ultimate 
shear stress of the material. This . practice is analegous to the 
method used for ccmputinG the strength of tension members with 
holes, except that many of the light alloys lised in a^craft structures 
avo known to siunv stresB-concontration effects of holes at ultimate 
load. These effects must be taken into account when computing 
the strength of tension members. Similar stx'ess-concentration 
effects may be expected in ^ear weps. Another difficulty involved 
in computing the strength of aheaz* webs is that no really satis- 
factory method of determining the ultimate shear stress of a 
thin sheet has been devised. 
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Becaiise of these difficulties the most expedient method of 
determining the allowable stress for shear webs ^/Ith rivet or 
bolt holes is by direct tests on shear ■webs fastened with rivets 
or bolts and subjected to pure shear load, while the ratio of 
pitch to diameter is varied to evaluate the ccanbined effect of 
reduction in section and stress concentration around holes. 

The stiffening of the webs should also be vaa'ied in order to 
determine the effect of changing from the nearly shear-resistant 
web (fallui’e occurs soon after buckling takes place) to the 
partly diagonal-tension web (failure occurs long after buckli n g 
takes place) . Tlie results of such tests made on 2^tS-T and 
Alclad 75S-T aluminm-alloy sheets are given herein. 
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SfMBOLG 

/ p - d net area along line of holQ3 \ 

rivet factor I or ; — — ;; — 

p gross area along line of holes/ 

length along one side of shear’ panel between corixor 
bolts, inches • . 

load req.uired to fail panel, kips 

diameter of rivet or bolt holes, inches 

pitch of rivet or bolt holes in one row, inches 

thickness of sheet, inches 

ultimate tensile stress, ksi 

ultimate tensile stress on net secti-on of perforated 
tensile specimen, ksi 

shear stress on web, ksi 

shear stress on gross section of web, ksi 

shear stress on not section of web between rivet holes, ksi 

average measured gross shear stress at failure for oru? 
type of specimen, ksi 

\iltlmato shear stress of material, ksi 
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1IHKT SPEdMElJS AND HROdaXEE 


The test specimens used In. the present investigation vere 
imade freon ;i4S-T or Aided 75S-T altaalnum alloy of O.C^fO-lnch 
thickness. In order to have speclmone i'ail at different stages 
of incoEiplete diagonal tension some specimens were tested as flab 
sheets without stiffenersj these spoclmenG gare fairly well- 
developed diagonal tension. The other speclmons, tested with 
closely spaced stiffeners (fig. l) , approached a condition of pure 
shear stress. Most cf the specimens, which had an effective length 

of 51^ inches and an effective width of 5 Inches, were tested in 

the rectangular frame shown in figure k. A few of the specimens 
were panels 10 inches s<iuai’e and were tested in the sq.uare frame 
shown 3n figure 3* The spocinens were fastened into the square 
and rectangular frames with one or two rows of hdtB which were 
tigiit fits in the holes. Adi hut two of the tests in the 
rectangular frame were made with washers under the heads of the 
holtsj these two wei-e made d'.>h the heads of the holts hearing directly 
on t;-.o sheet. The tests in the eq,uai'o fi’ame were made with the sheet 
between the angles and also •vrith the sheet on the out^de of the angles 
so that the holt heads wc-o hearing di'i octly on the sheet. 


In all tests the pitch of the holes vms 1 inch and the hole 
dlamoters, used to obtain a variation in pitch-tc -diameter ratio, 
were 3/l6, l/4, 5/l6,and 3/8 inch. 

The test specimens were cut frem eevoral different sheets 
of material. Ultimate tensile strengths of each sheet of material 
wore determined from the follovring groups of control specimens; 

(a) Two etandaz'd tensile specimens czit parallel to 
the grain 

(h) Two standard tensile specimens cut perpendicular 
to the grain 

(c) Two perforated tensile specimens cut parallel to 
the grain for each size of hole used in the shear webs 
(eight specimens) 

(d) Gho'o perforated tensile spocimens cut perpendicular 
bo tho grain for each size of hole used in the shear webs 
(eight specimens) 



u 
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The perfctrated tenalle apocimons wenbioned under (c) end (d) 
were atrlps with a -^Tidth egual to the pitch of the holes In the 
shear weha and with a hole in the middle of each corresponding 
to one of the sizes ueed In the shear webs. These perforated 
specimens were used to evaliiate the streab -concentration effects 
at ultimate load under simple tension loading. 


TEBT 3ESULTS‘ 


The shear stress at failure was ccmpdted for Ifoth the gross 
section and the net soctlon along the line of holes and reduced 
to the minimum gi.’aranteed properties of tho material. The shear 
stress at failure on the gross section of each specimen tested 
J.n the i‘6ctangu3.ar frame wen caaputed by 

p 

C- 



For tho spooimens tested in the eq.ue.ro frame wl.th diagonal loading 
the forrmula for shear stress on tho gross '■section beccmes 


The shear stress at failure 
ho.les was computed fox’ each 


^r 

In order to make possible a ccanperiooh of speclmons cut fi’oa. 
different sheets of tho seme material, all sheca’ streoacB computod 
by formulas (l) , ( 2 ), and ( 3 ) were reduced' to the mlnlmioa guaranteed 
propei'tiee of the material as given in refor'encos 1 and f? 

(6i ksl for qJfS-T aluminum alloy and 72' ksl for Alclad 7^>S-T aluminum 
alloy) . This reduction was made by multiplying the values obtained 
fresEL formulas (l), ('■;), and ( 3 ) by 24S-T alumln’jm 

alloy and for Alclad T5S-T aluminum alloy, whore 

is the actual ultimate "tenaile stress of a: particular sheet 
obtained from standard ‘tensile specimens cilt perpendicular to the 
grain of tho sheet. Standard tensile spoclmena cut perpendicular 
to the grain were used t-o obtain bodeuso roferc-nce 1 states 


T = 
6 


V . fu fr 


( 2 ) 


on the net soctlon along the lino of 
specimen by 


'^n = 


e 


(3) 
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that a specimen cut from the sheet In any direction shall possess 

the certeiin minimum guaranteed properties, given in this reference^ 

paper. For the standard cross-grain specimens^ ‘^ult generally 

from 2.2 to 3 '^ percent less than ior the standard -with-grain 
specimens. (See tahle 1.) 

The reduced values of t g and are shown in figures it and 5 

frcm which, apparently, is nearly constant while decreases 

as increases. Figures 4 and 5 show the average values of 

gross shear stress at failure for the wehs with edges clamped 

6 av 

"between a heav 3 ' plate and stiff washers or "between two heavy plates. 

The value of T „ was 36.9 hsi for the stifx’ened Alclad 75S-T we"bs, 
faav 

31. 9 ksl for the unatlffened Alclad 7^“T we"bs, 30*3 hsl for the 
stiffened 2)+S-T we"bs, and 25.8 Icsi for the unstiffened 24S-T we"bs. 

The indlvldixal values of Tg in any group did not vary more than 

9 percent from these values of T_ and most of the panels fell 

Sav ■ ' ■ 

within 5 percent of the average. Figure S shows these variations 

"between t and individual valves of T ^ for the wehs with 

edges clamped "between a heavy plate and stiff washers. 

Ta"ble 1 gives the I’ltimate stressos for the net section 
of the perforated tensile specimens as well as for the standard 
tensile specimens. This bahle also gives the stress-concentration 
factors for the perforated specimens, where o-^^t is 

the average iiltlinate stress of two standard tensile specimens and 
Cperf is the ultimate tensile stress on the net section of a 
perforated specimen cut in the seiEe direction as the standard speci- 
mens. Inspection of table 1 indicates a sll£jht tendency for 

to decrease as increases. - . 


DISCUSSION m TEST RES"[ILTS 


In aircraft stx’uctures the shear stress on the gross 

section of a shear we"b is scanetimes computed "by formula (l), and 
the shear stress on the net section along the rivet or bolt 

line, by dlvldirg Tg by Cj, as Indicated by formula (3) • 

Failure is assumed to occur in a straight line along the center line 
of the holes when bee ones equel to the alloirable shear stress 

of the matei'ial. Tills allowable stress is assumed to be Independent 
of changes in the pitch-to-dlameter ratio of the holes. The 
present tests, however, seem to indicate that this method is not 
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correct. Those tests show that failure tends to he in a zigzag 
line between holes rather than in a strai^t line. The tests 
also indicator that the shear stresses on the net section t 

n 

at failui'e wore not constant as usually assumed hut decreased 
as Cj;. increased. 

Variatio n s in shear stress at failure . - Figures 4 and 5 
and tahie 1 indicate that the decrease In Tj^ at failure 
as Gy increased was large compared with the decrease in 
Oporf tensile speclmena. Cesaputatione shoved that for 

shear wehs with approximately eq,iial to 0.8l, at; 

failure was from 20 to 30 percent less than for the shear wehs 
with Gr approximately e<iual to 0.62. Table 1 indicates that 
the stress -concentration factor '^ult/'^perf "vai’ied frem 1.038 
to 1.088 for the Alclad 75S-T alximlnum alloy and frean 1.044 to 
1.202 for 24S-T alimiinum alloy as varied fr-can 0.828 to 

0,606. These facts, then, indicate that the variation in 
can be paitly accounted for by the stress-concentration effects 
noted in the tension tests. 

Part of the decrease in at failure as G^ increased may 
have boon because large bearing stresses as well as large shear 
stresses were at the same point on the edge of a hole in the 
shear websj whereas, no bearing strosses woro around the edge 
of a hole in the perforated tensile specimens. These bearing 
stresses increased as Cj. increaeod; apparently, this increase 
in bearing stress decreased the ability .of the sliect to cariy 
shceu’ stress. The data available ere insiifficicnt to dotormino 
the exact interaction effects. 

Gros s shear stressoe at folluro .- Figuros 4 and 5 show that 
T„ is almost constant over the range of C^. frean about 0.8l 
to about 0.62. The average values of gross shear stros's at 
failure are givon for shear ^rebs with, the edges clamped 

botTfcon two heavy plates or between a heavy plate and stiff 
washers. Those values of Tgav' howevei’, should bo used only 

for tho range of Gj. veiluos covered in tho present tests. As 

Gj:> continues to decrease, will becesno nearly constant because 

it is approaching a maximum value somowhat loss than for the 

materlalj whon this value is reached, Tg will, no longer bo constant 

but will doorcase at about tho samo rate as Gj. (the ratio of net 
ai’oa along tho line of holes to gross arjsa along the lino of holes) 
decreases . . ' 


E 
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Effect of method of attachme nt on shear stresses . - The averaca 
gross shear stresses shijwn in figures and 5 e^© the result oi 
tests on speciinehB with the heavy attachment plate of the 
rectangular frame on one side of the weh and stiff washers on 
the other. Two tests were also made with the sheet clamped between 
■ciie faces of the hoai.^ angles in the aq.uaro fi-ame shewn in 
figure 3* The results of both methods are shown in figure 5 ©j©<i 
no apparent difference is noted In the shear strength obtained 
by the two methods of fastening. Two teste were made i n each 

frame with the heads of the bolts bearing directly on the sheet 

of the specimenBj which were duplicates of those specimens that 
had hoa'ij plates cn both sides or a heavy plate on cno side 
and stiff washers under the heads of bolts. The results of these 
tests are also shown in figure 5- \then the heads of the bolts 
were bearing directly on the sheet the shear strength was 
apparently lower than when the sheet was clamped between a heavy 
plate and stiff washers cr between two heavy plates. The shear 
strength obtained when the bolt heade were bearing directly on 
the sheet was about 11 percent less than when the edges were 
well supported on both sides. Previous tests described in reference 3 
indicated that speclmena which wore riveted, to one side of a plate 
without washers under* the heads of the r ivets woiJLd have a strength 
about 15 percent lees than the strength of a similar specimen bolted 
or- riveted between heavy plates. 


Two factors may conti'ibute to this difference in strength 
between webs that ar-e clamped between a heavy plate and washers 
and wobs thau ai*e feetened to a plate on one side but har-o the heads 
of the bolts or rivets bearing directly on the opposite side of 
the sheet- When the web is ti^tl^- clomped between a plate 
and washers or between, two plates, friction may tranEoit seme of 
the load and roduco the stross befoi-e reaching the net section 
along the rivet line. In the pioscoit tests, however, the bolts 
were dr-awn Just tight enough to loako certain that the parts wore 
drawn together so that very little opport-unity cxistod for any load 
to be transmitted in friction. Tho parts aro usually clamped more 
tightly than they are in these tests; therefore, if ary load is 
transmitted in friction, the present testa are probably conservative. 
Anochor explanation for the difference in sti-ength may bo that -when 
tho -web is fastened to a plate or angle with only tho head of 
a rivet or bolt for suppeu't on 'tho opposite side, the buckles which 
develop in tho sheet extend very close to the edges of the holes. 
"When tJiis buckling occurs there is a local increase in stress, 
caused by the folds as -well as by the reduction in net section 
along tho rivet line. When the sheet is supported on both sides 
the buckles do net extend very close to uho holes; therefore, no 
local increase in stress from this source is added to the local 
increase in stress caused by the reduction in the net secticn f. 1 ou g 
tho line of holos. 
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Ktanber o f ro wB of rivets req,tili’ed . - Flgui^es 4 and 5 ehav 
that in boLh 2li§^T and in Alclad 7I3B-T vets no consistent 
difference was noted in strength "botwoen the specimens fastened 
vith one and two rows of holts for^valxies of freau 0.75 

to 0.62. For Cr of about 0.8l “-in. holcs^ , hovever, the 

24s -T specimens with one rov of holts consistently caraiod 
smaller loads than the specimens with two rotrs of hol"';S . No 
toats wbro modo on .AdCied 75S-T vohs -fith ono rov: of —-inch holts. 

lO 'j 

The hearinj? stresses on the 2.4S-T -oanels with one row of -=4;"inc4L 

•• ].6 

holes exceeded the allowahle hearing stresses; on all others the 
hearing stresses wei'e helow the al^-ovrahle values (reference 4) . 

If one row of holts is sufficient to reduce the heurin^^: stresaos 
helcTw the allowahle valtae given in refeirsiiCG 4, then, the 
addition of the second row in an attempt to decrease the hearing 
stresses at each hole appeal’s to have very little or no effect cn 
the strength of the Joinb. Of course, if one rew of rivets does 
not furnish sufficient shear etrenybh in the x'ivets then the 
addition of a second row vwifJd increaao the stian.^h of the Joint. 


CONCLUSIONS , 


Strength tests vez’e made of shear wehs of 24G-T and Alclad 75S-T 
aluminiim alloy to determine the effect of x'ivet or holt holes on 
the allowahle shea.’.' etrcBs of these materials. In order to oh’.oln 
data on specimens that failed at diffei-eiit stages of incomplete 
diagonal benslon, one type of specimen - , a flat sheet without 
stiffeners - gave vrcll -developed diagonal tension; the other 
type of specimen - a flat sheet with closely spaced stlffoncrs - 
approached a condition of pure shear stress. The rivet factor Cj,, 

(pitch mim;s dlameber) divided hy pioch, was varied fi'cm about 

0.8l to about 0.62 hy using a constant pitch and changing the 
size of the holes. These ehoai' woh tests indicated that: 

1. The sheai’ stresses on the gross section at. failure were 
almost constant for all values of Cj, iiiveBtigated if the other 
properties of oho woh were not changed. I 

2. For vrehs with the edges cleaEped between two hoary plates 
and stiff washers, the average shear strdes cn the gross section 

at failuro was 36.? ksi for the stiffened Alclad 75S-T wchs, 31.9 ksi 
for the unstiffoned Alclad 75S-T weho, 3C.3 ksi for the stiffened 
24s -T webs, and ;;5-8 ksi for the unstiffoned i^ 4E-T v:chs. 
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3* V/hen the -wets were fantened with a heavy plate along one 
side with the heads of the rivets or holts hearing directly on 
the sheet on the opposite side, the sheer strength of the wehs was 
about 11 percent less than when the edges were well suppoi-ted on 
hoth sides. 


Langley llemorial Aeronautical Laboratory 

National Advisory Cammittee for Aeronautics 
Langley Field, Va. , September l8, X9h€ 
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TABLE I 


XEHSIIS: S1BEIK2EBS CS* CQDTBOL SHECIME39S 


Speoimen 

Wcmlnal 

diameter 

(in.) 

Vet area 

t^peri 

(4 b 1] 

®ult 

Specimen 

Vcmlnal 

diameter 

(in.) 

Vet area 

®perl 

(hsl) 

°Vllt 

C^osB area' 
Cr 

°perf 

Gross area' 
Cr 

'^perf 





CM 

sheet 1 






Vlth grain 





Cross grain 



(°ult “ 71.6a) 





(®ult “ 70.07) 


1 

3/16 

0.812 

59.6 

1.202 

25 

3/16 

0.803 

60.4 

1.159 

2 

3/16 

.792 

64.5 

1.110 

26 

3/16 

.798 

61.9 

1.13'a 

3 


.753 

63.2 

1.133 

27 

1/4 

.748 

61.1 

1.148 

k 

lA 

.750 

64.3 

1.131 

28 

lA 

.752 

60.3 

1.162 

5 

5A6 

.682 

64.7 

1.106 

29 

5/16 

.679 

60.7 

1.155 

6 

5/16 

.672 

63.8 

1.122 

30 

5/16 

.676 

61.2 

1.145 

7 

3/8 

.613 

64.7 

1.106 

31 

3/8 

.606 

61.7 

1.136 

8 

3/8 

.632 

64.8 

1.104 

32 

3/8 

1 

.613 

64.3 

1.089 

2ltS-T aheet 2 


Vlth grain 





Cross grain 



(diat " 71.84) 





(o^lt “69.60) 


9 

3A6 

0.800 

63.7 

1.128 

33 

3/16 

0.802 

62.1 

1.121 

10 

3/16 

.813 

63.9 

1.124 

34 

3/16 

.794 

63.0 

1.103 

li 

lA 

.751 

67,0 

1.072 

35 

lA 

.744 

63.4 

1.097 

12 

lA 

.752 

67.0 

1.072 

36 

1/4 

.745 

63.9 

1.088 

13 

5/16 

.688 

66.5 

1.080 

37 

5/16 

.681 

65.9 

1.055 

14 

5/16 

.691 

66.6 

1.079 

38 

5/16 

.686 

64.5 

1.078 

15 

3A 


68.0 

1.056 

39 

3/8 

.626 

65.1 

1.069 

16 

3/8 

.624 

68.8 

1.044 

40 

3/8 

.621 

66.2 

1.051 

Alclad 75S-T slieet 


Vlth grain 





Cross grain 



(o^lt “ 81.34) 




("ult “ 78.56) 


17 

3/16 

0.828 

74.8 

1.088 

4l 

3/16 

0.807 

75.3 

1.043 

18 

3/16 

.798 

78.2 

1.039 

42 

3/16 

.802 

74.3 

1.068 

19 

lA 

.739 

78.3 

1.038 

43 

lA 

.752 

73.2 

1.073 

20 

lA 

.7^ 

75.0 

1.083 

44 

lA 

.744 

74.7 

1.052 

21 

5/16 

.682 

77.1 

1.055 

45 

5/16 

.682 

75.2 

1.045 

22 

5/16 

.677 

77.4 

1.051 

46 

5/16 

.690 

73.8 

1.064 

23 

3/8 

.618 

77.3 

1.052 

47 

3/8 

.620 

75.5 

1.041 

24 

3/8 

.618 

76.3 

1.064 

48 

3/8 

.624 

74.7 

1.052 
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Figure 1 - Stiffened 6hear web. Sheet thIcKness, Q040 inch . 
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Fig. 2 
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Figure Z~ Rectangular frame . 
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.^riller used when sheet is on 
\ outside of angles 





steef angles 


, Filler used here 
I when sheet 
^ Is between 
^ angles 


Section A~A 


Figure 3,- 5quane frame 
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Ic:^ Stiffened shear webs. 

Figure 4.- UHimote shear stresses on Alcod 7S5T webs. All stresses reduced to rnrirrun guaranteed 
properties. Web ttiiciviess, 0.040 inch . 


to) Unsttffenod shear webs. 
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□ T„ 

'd'D No washers under heads 
of bolts 

1 and 2 indicate number of 
rows of bolts 

5 Indicates tests in s<|U(re frame 
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ti) Unstiffenod shear webs, wcnonw. a«*so«v 

coHontE m cMWjmcs 

. All stresses reduced to mirimum guaranteed 
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Percent variai 


o 



^ stiffened 756-T webs. (t) Unstiffened 755-T webs. 



i:) Stiffened 245-T webs. (d) Unstiff ened 24S-T webs.. 

Figures.- Variations of individual gross shear stresses from average measured 

gross shear stress for shear webs with edges supported on both sides. 
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